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Abstract
Aim In low back pain if serious pathology is suspected
diagnostic imaging could be performed. One of the imag-
ing techniques available for this purpose is computed
tomography (CT), however, insight in the diagnostic per-
formance of CT is unclear.
Method Diagnostic systematic review. Studies assessing
the diagnostic accuracy of CT in adult patients suggested
having low back pain caused by speciﬁc pathology were
selected. Two review authors independently selected
studies for inclusion, extracted data and assessed risk of
bias. Pooled summary estimates of sensitivity and speci-
ﬁcity with 95% CI were calculated.
Results Seven studies were included, all describing the
diagnostic accuracy of CT in identifying lumbar disc
herniation. Six studies used surgical ﬁndings as the
reference standard and were considered sufﬁciently
homogenous to carry out a meta-analysis. The pooled
summary estimate of sensitivity was 77.4% and speciﬁcity
was 73.7%.
Conclusions We found no studies evaluating the accuracy
of CT for pathologies such as vertebral cancer, infection
and fractures and this remains unclear. Our results should
be interpreted with some caution. Sensitivity and speci-
ﬁcity, regarding the detection of lumbar disc herniation,
showed that a substantial part of the patients is still clas-
siﬁed as false-negative and false-positive. In future, the
diagnostic performance of CT must be assessed in high
quality prospective cohort studies with an unselected
population of patients with low back pain.
Keywords Computed tomography  Low back pain 
Diagnostic imaging  Systematic review
Introduction
Low back pain (LBP) is usually deﬁned as pain, muscle
tension, or stiffness localised below the costal margin and
above the inferior gluteal folds, with or without sciatica [1].
With a lifetime prevalence from 11 to 84% LBP is a major
health problem worldwide, and causes a substantial eco-
nomic burden in Western societies [2–7].
LBP is occasionally the presenting symptom of an
underlying pathology such as radiculopathy or spinal ste-
nosis or another speciﬁc spinal condition [8]. The diag-
nostic process is to distinguish ‘simple’ back pain from
back pain due to serious underlying diseases or neurologic
impairments [9]. Guidelines recommend starting the diag-
nostic triage with history taking and physical examination,
in order to identify ‘red-ﬂags’ and classify patients into one
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DOI 10.1007/s00586-011-2012-2of three categories: serious spinal pathology, nerve root
pain/radicular pain, and nonspeciﬁc LBP [8, 10].
Routine lumbar-spine imaging is not recommended in
patients with LBP without symptoms suggesting serious
underlying conditions [8, 10, 11]. However, if serious
spinal pathology is suspected based on red-ﬂags, diag-
nostic imaging could be performed, since delayed diag-
nosis and treatment are associated with poorer outcomes
[8]. One of the diagnostic imaging techniques available
for this purpose is computed tomography (CT). CT
nowadays plays a vital role in spinal imaging and has
largely replaced invasive imaging techniques, such as
myelography, epidural venography and epidurography,
particularly because CT is associated with less morbidity
than invasive techniques [9, 12]. Caution is, however,
necessary in the choice of CT as an imaging modality
particularly in younger patients due to gonadal radiation
dose particularly with repeated examinations. For this
reason, in many clinical guidelines magnetic resonance
imaging (MRI) is the imaging modality of choice. CT is
suggested to be the primary imaging technique to depict
disorders of bone structures [15]. CT is also used for
detection of chronic morphologic changes and has a well-
recognized role in the diagnosis of spinal stenosis, her-
niated nucleus pulposus and facet joint abnormalities [13,
14]. Additionally, compared to MRI, CT is cheaper, the
total testing time is shorter, and the availability of CT
scanners is larger in hospital settings. The disadvantages
of CT, however, is the radiation dose particularly cumu-
lative dose with repeat examinations in younger patients.
Moreover, even when MRI is readily available, the need
for a CT of the lumbar spine in the presence of a cardiac
pacemaker seems to be increasing with an aging
population.
Estimates of the diagnostic accuracy of CT scans vary
considerably across primary diagnostic studies. Potential
sources of heterogeneity include: difference in considered
pathology, variation in CT protocols, differences in study
design, included study populations, or the methodological
quality of the studies. Therefore, our aim is to provide
evidence on the diagnostic accuracy of CT in patients with
LBP or sciatica with symptoms suspected to be caused by
speciﬁc underlying pathology. Sciatica is here deﬁned as
nerve root pain or radiating leg pain. We also aim to assess
the potential inﬂuence of various sources of heterogeneity
on the outcomes.
Methods
Design
Systematic review of diagnostic accuracy studies.
Search strategy
We systematically searched Medline, Embase and CI-
NAHL databases (until December 2009). The search
strategy we used was developed to identify publications for
four separated systematic reviews. These systematic
reviews all concern the diagnostic test accuracy of imaging
techniques (MRI, CT, X-ray, or myelography) for identi-
fying or excluding lumbar spinal pathology.
Study selection
Two review authors (AV, MW) independently selected the
articles, based on title and abstract (Fig. 1). For ﬁnal
inclusion the studies had to fulﬁll the following criteria: (1)
the diagnostic accuracy of CT was assessed in adult
patients with LBP suspected to be caused by speciﬁc
pathology (i.e. radicular syndrome, spinal stenosis, spinal
tumors, spinal fractures, spinal infection/inﬂammation,
spondylolisthesis, spondylolysis, ankylosing spondylitis,
disc displacement, osteoporotic fractures, and other
degenerative disc diseases), (2) the results were compared
with those of a reference test (i.e. ﬁndings at surgery,
expert panel opinion, diagnostic work-up, or MRI), (3) the
design was a case–control or cohort study; either pro-
spective or retrospective, and (4) the results were published
as full reports with sufﬁcient data to construct diagnostic
two-by-two tables. Disagreements were resolved by con-
sensus; a third review author (MvT) was consulted in case
of persisting disagreement.
Data extraction and risk of bias assessment
Data extraction was performed by two review authors
(RvR, MW) independently using a standardised form. Data
were extracted on: (1) study design; prospective or retro-
spective observational study, (2) characteristics of study
population; setting, age, gender, pathology considered,
duration and history of LBP, inclusion and exclusion cri-
teria, enrollment, number of subjects (enrolled, eligible),
level of measurement (3) test characteristics; type of index
test, type of reference test, year and methods of execution,
outcome scales, and (4) diagnostic parameters; two-by-two
table, or, if not available, relevant parameters to reconstruct
this table.
Two independent review authors (MW, RvR) assessed
the risk of bias of each included study using the QUality
Assessment of Diagnostic Accuracy Studies (QUADAS)
tool [16, 17]. The QUADAS tool consisted of 11 items that
referred to internal validity. In addition, we identiﬁed nine
additional items described in the Cochrane Handbook for
Diagnostic Test Accuracy Reviews [17]. These additional
items were of relevance to this review and were also
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‘‘unclear’’ according to the classiﬁcation deﬁnition descri-
bed in Appendix 1. A radiologist (AG) was consulted for
the assessment of the used technology (item 13). Dis-
agreements were resolved by consensus. In case of per-
sisting disagreement a third review author (AV) was
consulted. We did not apply weights to the different items
and did not use a summary score since the interpretation of
summary scores was problematic and potentially mislead-
ing [18, 19].
Data synthesis and analysis
From each included study we used the two-by-two table to
calculate sensitivity and speciﬁcity with the corresponding
95% conﬁdence intervals (95% CI). For a descriptive
analysis, sensitivity and speciﬁcity were presented in forest
plots. Besides, we plotted the results on a receiver oper-
ating curve (ROC) plot of sensitivity against 1-speciﬁcity.
For meta-analysis of pairs of sensitivity and speciﬁcity
we used a bivariate random effects method [20]. This
method provides summary estimates of sensitivity and
speciﬁcity with corresponding 95% CI while dealing with
sources of variation within and between studies and any
correlation that might exist between sensitivity and speci-
ﬁcity. We calculated a 95% conﬁdence ellipse around the
summary estimate of sensitivity and speciﬁcity, and plotted
the results in ROC space. We only conducted a meta-
analysis if studies show sufﬁcient homogeneity (i.e. same
pathology, same reference standard, comparable popula-
tion, same study design). Analyses were carried out using
STATA 10 software. All ﬁndings were presented in a
summary of results Table 2, which included summary
estimates of sensitivity and speciﬁcity, prior probabilities,
diagnostic odds ratio, and likelihood ratios for the diag-
nostic accuracy of CT.
Several factors may contribute to heterogeneity in
diagnostic performance across studies. We investigated the
potential inﬂuence of differences in pathology, and refer-
ence standards used in the primary studies on sensitivity
and speciﬁcity, both by comparing subgroups. If sufﬁcient
data were available, we assessed the possible bias intro-
duced by negative scores on several important items on the
risk of bias assessment. These items were independently
Fig. 1 Flow chart of selected
articles
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123added as a covariate to the bivariate model. The results
were presented graphically and in a summary of results
table.
Results
Literature search
Our search resulted in 9023 potentially relevant articles of
which 447 were retrieved in full text. The additional search
and reference check resulted in 85 possible relevant arti-
cles, of which 38 were retrieved in full text. Finally, 19
articles met our inclusion criteria and were eligible for at
least one of the four separate reviews conducted on the
diagnostic accuracy of imaging in adult LBP patients to
identify or exclude speciﬁc pathology (Fig. 1). Of these,
seven articles focused on CT and were included in this
review [21–27]. All studies described the diagnostic
accuracy of CT in identifying lumbar disc herniation
(Table 1).
Risk of bias assessment
Figure 2 presents the results of the individual studies. The
initial agreement of the reviewers was 78% (109 of 140
items). The disagreements were resolved by consensus. All
studies used an acceptable reference standard, avoided
differential veriﬁcation, and pre-speciﬁed their objectives
(items 2, 5 and 19). None of the studies reported enough
information to assess the items on the delay between index
test and reference test, observer variation, instrument var-
iation, appropriate patient subgroups, appropriate sample
size, and whether treatment or intervention was initiated
between index test and reference test (items 3, 15, 16, 17,
18, and 20). The majority of studies poorly described the
selection of patients, blinding of reference test results, and
whether cut-off values were pre-speciﬁed (item 1, 7 and
12), resulting in a high risk of selection and reviewer bias.
In two studies [22, 26] not all patients received conﬁrma-
tion of their diagnosis by a reference test (item 4), and in
four studies [21, 23, 25, 26] the technology of CT used was
changed since the study was carried out (item 13). Since
these two items were thought to inﬂuence the reported
sensitivity and speciﬁcity we added them individually as
covariates to the bivariate analysis.
Findings
For each study the extracted data (2 9 2 table) and sensi-
tivity and speciﬁcity are presented in a forest plot (Fig. 3).
All studies described the accuracy of CT in identifying
lumbar disc herniation, containing a total of 498 discs
explorations and 296 measurements on patient level. The
prior probability of lumbar disc herniation, varied from
49.2 [24] to 90.5% [21]. In these studies, lumbar disc
herniation was deﬁned as herniated nucleus pulposus,
including protruded, extruded or sequestrated disc, or
causing nerve root compression. One study used expert
panel consensus, a four stage process, as the reference
standard resulting in a sensitivity of 94% (95% CI
73–100%) and a speciﬁcity of 64% (95% CI 35–87%) [27].
Six studies used surgical ﬁndings as the reference standard
[21–26]. We considered these studies sufﬁciently homog-
enous for a meta-analysis. The sensitivity and speciﬁcity of
CT in identifying lumbar disc herniation in these studies
ranged from 59 to 92% and from 45 to 87%, respectively.
The results of the bivariate analysis are presented in the
Table 2 and plotted in a ROC space (Fig. 4). The pooled
summary estimate of sensitivity was 77.4% (95% CI
66.2–85.7%) and the pooled summary estimate of speci-
ﬁcity was 73.7% (95% CI 61.8–82.9%), resulting in a
positive likelihood ratio of 2.94, a negative likelihood ratio
of 0.31, and a diagnostic odds ratio of 9.61.
The inﬂuence of pre-deﬁned potential sources of heter-
ogeneity was determined by adding each individual
QUADAS item as covariate to the bivariate model
(Table 2). We assessed the inﬂuence of partial veriﬁcation
bias and used CT technology (items 4 and 13). Adding the
item on partial veriﬁcation bias to the model resulted in a
pooled summary estimate of sensitivity and speciﬁcity of
76.7% (95% CI 64.7–85.6%) and 73.4% (95% CI
61.2–82.8%), respectively. Summary estimates of sensi-
tivity and speciﬁcity changed to 79.1% (95% CI
65.0–88.5%) and 76.0% (95% CI 60.1–87.0%), respec-
tively after adding the item on use of an appropriate CT
technique as covariate to the model. The item for selection
bias (item 1) was poorly described and could, therefore, not
be added as a covariate to the model.
We were unable to evaluate the inﬂuence of differences
in pathology and different reference standards on sensi-
tivity and speciﬁcity, since six out of seven studies inves-
tigated the accuracy of CT in identifying lumbar disc
herniation with surgical ﬁndings as the reference standard.
Exploratory analysis on the inﬂuence of the use of a pro-
spective versus a retrospective design and measurements at
disc level versus patient level did not resulted in a different
accuracy of CT.
Discussion
This review included seven studies on lumbar disc herni-
ation, and found a pooled summary estimate of sensitivity
of 77.4% and speciﬁcity of 73.7% for CT compared to
surgical ﬁndings. This means that, a substantial part of the
Eur Spine J (2012) 21:228–239 231
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123patients is still classiﬁed as false-negative and false-posi-
tive. The use of newer CT technique resulted in a slightly
better accuracy compared to the use of old CT technology.
The results of this review should be interpreted with
caution. First, prior probabilities of the underlying
pathologies of LBP showed a large variation. The diag-
nostic value of CT also depends both on the prior prob-
ability of the underlying pathology in the investigated
population. In general, a high prior probability results in a
high positive diagnostic value and a low negative diag-
nostic value, and vice versa [28]. The large variation of
prior probabilities might be due to the selection procedure
of the patients, as in ﬁve out of seven studies the selection
procedure was unclear or inadequate and therefore
selection bias might have occurred. Besides, all included
studies were performed in a secondary care setting, where
Fig. 2 Risk of bias scores for
each included study
Fig. 3 Forest plot of seven comparisons of the seven included studies describing lumbar disc herniation as speciﬁc pathology with the estimated
sensitivity and speciﬁcity with accompanying 95% conﬁdence intervals. TP true-positive, FP false-positive, FN false-negative, TN true-negative
Table 2 Results of the bivariate analysis with summary estimates of sensitivity, speciﬁcity, positive likelihood ratio (LR?), and negative
likelihood ratio (LR-) and the accompanying diagnostic odds ratio (DOR) and the prior probability of lumbar disc herniation
Target
condition
Reference
test
Covariates Sensitivity
(95% CI)
Speciﬁcity
(95% CI)
Mean prior
probability
(range)
LR?
(95% CI)
LR-
(95% CI)
DOR
(95% CI)
Lumbar
disc
herniation
Surgery 0.77
(0.66–0.86)
0.74
(0.62–0.83)
69.5%
(49.2–90.5%)
2.94
(2.12–4.09)
0.31
(0.22–0.43)
9.61
(6.22–14.84)
QUADAS item 4:
partial
veriﬁcation
0.77
(0.65–0.86)
0.73
(0.61–0.83)
2.88
(2.07–4.00)
0.32
(0.22–0.46)
9.08
(5.58–14.77)
QUADAS item 13:
used technology
0.79
(0.65–0.89)
0.76
(0.60–0.87)
3.30
(1.79–6.07)
0.27
(0.15–0.50)
12.01
(4.22–34.17)
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123patients often will have a higher prior probability due to
referral.
Secondly, because of the absence of a clear gold ref-
erence standard studies were included if ﬁndings at sur-
gery, expert panel opinion, diagnostic work-up, or MRI
was used as reference standard. Finally, one study used
expert panel consensus and six studies surgical ﬁndings as
the reference standard. The problem with surgical popu-
lations is that only patients with a strong suspicion on a
speciﬁc underlying pathology are subjected to surgery.
Therefore, the results of these studies can easily be biased,
leading to an overestimation of the diagnostic accuracy of
the index test.
Thirdly, the accuracy of an index test also depends on
the reliability of the test, deﬁnition of a positive result and
used technology. As CT requires some degree of expertise
it is not surprisingly that the reliability of CT varies con-
siderably. None of the studies reported data on the observer
variation. Therefore, the extent of the effect on the results
cannot be estimated. Also, the CT technology used can be
of inﬂuence on the diagnostic accuracy. Assessing the
effect of the use of CT technology resulted in an increase in
the sensitivity and speciﬁcity when using a newer CT
technology. Most CT technology used in the studies found
are rather outdated as the most recent study is published in
1993, probably modern technology, not yet evaluated in the
studies available will show better results.
Finally, the diagnostic imaging studies reported their
results on patient level as well as on disc level. Presenting
the results on disc level will lead to multiple inclusions of
the same patients. Besides, patients with signs of lumbar
disc herniation are more likely to be subjected to multiple
level testing than patients without these signs. This might
lead to an overestimation of the diagnostic performance of
CT. Here, four studies presented their results on disc level
only, but an explorative subgroup analysis did not result in
different pooled summary estimates.
Strengths and weakness of the review
This is the ﬁrst systematic review that provides evidence on
the diagnostic accuracy of CT in LBP patients. One of the
limitations of this study was the use of a ﬁlter to limit the
primary literature search. The ﬁlter was targeted on study
design to overcome indexing problems related to terms like
sensitivity, speciﬁcity, accuracy or predictive value. After a
random check we assumed using this ﬁlter would not lead
to missing relevant studies. Second, the generalisability of
the results is limited mainly by poor reporting in the ori-
ginal studies, which lead to many unclear or inadequate
scores on several QUADAS items. This means that the
potential inﬂuence of bias is difﬁcult to assess [29].
Implication to clinical practice
The summary estimates for sensitivity and speciﬁcity for
CT in identifying lumbar disc herniation may be accept-
able, but also demonstrates that a substantial part of the
patients will be wrongly diagnosed. However, the accuracy
of CT might differ between pathology, but no studies were
found evaluating the accuracy of CT for pathologies such
as vertebral cancer, infection and fractures and this remains
unclear. The applicability to clinical practice also depends
on the role to which the diagnostic test is allocated [30].
Here most studies present the separate diagnostic value of
CT, although in clinical practice CT is part of the diag-
nostic process which might lead to a better diagnostic
performance as a whole. Therefore, more research is nee-
ded before our results can be translated to clinical practice
and policy.
Implication for research
Given the possible advantages of CT over MRI future
research should focus on the diagnostic performance of up
to date CT technology assessed in high quality prospective
cohort studies with an unselected population of patients
with LBP. In order to provide clear evidence when to use
Fig. 4 Summary ROC plots of sensitivity and speciﬁcity of six
studies describing the diagnostic accuracy of computed tomography
with surgical ﬁndings as the reference standard and lumbar disc
herniation as speciﬁc pathology. The width of the rectangles is
proportional to the number of patients with possible or without
lumbar disc herniation; the height of the blocks is proportional to the
number of patients with lumbar disc herniation (proven or probable).
The solid line is the summary ROC curve; the black spot is the mean
value for sensitivity and speciﬁcity; the ellipse around the black spot
represent the 95% conﬁdence interval around this summary estimate
234 Eur Spine J (2012) 21:228–239
123CT or not, analyses should be done on patient level and in
combination with other diagnostic tools. Furthermore, in
order to improve accuracy and completeness of reporting
of accuracy studies, future studies should comply with the
STARD initiative [31].
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Appendix 1: Items for Quality Assessment of Diagnostic
Accuracy Studies (QUADAS) with classiﬁcation
1. Was the spectrum of patients representative of the
patients who will receive the test in practice? Is it a
selective sample of patients?
Differences in demographic or clinical features between
the study population and the source population may lead to
selection bias or spectrum variation. In this item we will
focus on selection bias: is a selective sample of patients
included?
Classify as ‘yes’ if a consecutive series of patients or a
random sample has been selected. Information should be
given about setting, in- and exclusion criteria, and prefer-
ably number of patients eligible and excluded. If a mixed
population of primary and secondary care patients is used:
the number of participants from each setting is presented.
Classify as ‘no’ if healthy controls are used or patients
with other causes of LBP than the cause aimed to identify.
Score also ‘no’ if non-response is high and selective, or
there is clear evidence of selective sampling.
Classify as ‘unclear’ if insufﬁcient information is given
on the setting, selection criteria, or selection procedure to
make a judgment.
2. Is the reference standard likely to classify the target
condition correctly?
Estimates of test performance are based on the
assumption that the reference standard will identify speciﬁc
lumbar-spine pathology with 100% sensitivity and 100%
speciﬁcity. Such reference standards are rare. Errors due to
an imperfect reference standard may bias the estimation of
diagnostic performance. Since there is no ‘gold reference
standard’ available for diagnosing spinal pathology we
accepted the following as reference standards: (1) ﬁndings
at surgery, (2) clinical opinion/expert panel opinion, (3)
diagnostic work-up, (4) MRI.
Classify as ‘yes’ if one of these procedures is used as
reference standards.
Classify as ‘no’ if you seriously question the methods
used or other procedure/test is used as reference standard.
Classify as ‘unclear’ if insufﬁcient information is given
on the reference standard.
3. Is the time period between the reference standard
and the index test short enough to be reasonably sure that
the target condition did not change between the two tests?
The index tests and reference standard should ideally be
carried out at the same time. If there is a considerable
delay, misclassiﬁcation due to spontaneous recovery or
worsening of the condition may occur.
Classify as ‘yes’ if the time period between index test
and the reference standard is 1 week or less.
Classify as ‘no’ if the time period between index test
and the reference standard is longer than 1 week.
Classify as ‘unclear’ if there is insufﬁcient information
on the time period between index tests and reference
standard.
4. Did the whole sample or a random selection of the
sample receive veriﬁcation using a reference standard of
diagnosis?
When not all of the study patients receive conﬁrmation
of their diagnosis by a reference standard, partial veriﬁ-
cation bias may occur. Bias is very likely if the results of
the index test inﬂuence the decision to perform the refer-
ence standard. Random allocation of patients to the refer-
ence standard should in theory not affect diagnostic
performance. [Veriﬁcation bias is also known as work-up
bias or sequential ordering bias.]
Classify as ‘yes’ if it is clear that all patients who
received the index test went on to receive a reference
standard, even if the reference standard is not the same for
all patients.
Classify as ‘no’ if not all patients who received the
index test received veriﬁcation by a reference standard.
Classify as ‘unclear’ if insufﬁcient information is pro-
vided to assess this item.
5. Did patients receive the same reference standard
regardless of the index test result?
Differential veriﬁcation bias occurs when the results of
the index tests are veriﬁed by different reference standards.
This is not unlikely in this review: some patients may be
referred for surgery following computed tomography,
whereas others receive only diagnosis by expert opinion,
diagnostic work-up or other imaging tests. Bias is likely to
occur when this decision depends on the results of the
index test.
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the index test are subjected to the same reference standard.
Classify as ‘no’ if different reference standards are
used.
Classify as ‘unclear’ if insufﬁcient information is pro-
vided to assess this item.
6. Was the reference standard independent of the index
test (i.e. the index test did not form part of the reference
standard)?
It is not unlikely that the results of the diagnostic
imaging are used when establishing the ﬁnal diagnosis. In
this case incorporation bias may occur (overestimating
diagnostic accuracy). Knowledge of the results of the index
test does not necessarily mean that these results are
incorporated in the reference standard. For example, if the
reference standard consists of expert opinion or diagnostic
work-up results only (regardless of knowledge of the
results of diagnostic imaging tests), the index test is not
part of the reference standard. However, if the ﬁnal diag-
nosis is based on the results of both expert opinion or
diagnostic work-up and a positive computed tomography
test, incorporation bias will occur.
Score ‘yes’ if the index is no part of the reference
standard.
Score ‘no’ if the index test is clearly part of the refer-
ence standard.
Score ‘unclear’ if insufﬁcient information is provided
to assess this item.
7. Were the reference standard results interpreted
without knowledge of the results of the index test?
Interpretation of the results of computed tomography
may be inﬂuenced by knowledge of the results of the ref-
erence standard, and vice versa. This is known as reviewer
bias, and may lead to over-estimation of diagnostic accu-
racy. In our review the risk of bias may be substantial as
both index test and reference standard often involve a
subjective assessment of results. If the reference test pre-
cedes the index test, which is unlikely in case of surgery,
interpretation of the results of the reference test will usually
be without knowledge of the results of the index test.
Classify as ‘yes’ if the test results of the reference
standard are interpreted blind to the results of the index
test. Score also ‘yes’ if the sequence of testing is always the
same and, consequently, one of the test is interpreted blind
for the other.
Classify as ‘no’ if the assessor is aware of the results of
the index test.
Classify as ‘unclear’ if insufﬁcient information is given
on independent or blind assessment of the index test or
reference standard.
8. Were the index test results interpreted without
knowledge of the results of the reference standard?
Interpretation of the results of computed tomography
may be inﬂuenced by knowledge of the results of the ref-
erence standard, and vice versa. This is known as reviewer
bias, and may lead to over-estimation of diagnostic accu-
racy. In our review the risk of bias may be substantial as
both index test and reference standard often involve a
subjective assessment of results. If the index test always
precedes the reference standard, interpretation of the results
of the index test will usually be without knowledge of the
results of the reference standard.
Classify as ‘yes’ if the test results of computed
tomography are interpreted blind to the results of the ref-
erence test. Score also ‘yes’ if the sequence of testing is
always the same and, consequently, one of the test is
interpreted blind for the other.
Classify as ‘no’ if the assessor is aware of the results of
the reference test.
Classify as ‘unclear’ if insufﬁcient information is given
on independent or blind assessment of the index test or
reference standard.
9. Were the same clinical data available when the
index test results were interpreted as would be available
when the test is used in practice?
The knowledge of clinical data, such as age, gender,
symptoms, history of LBP, previous treatments or other test
results may inﬂuence the interpretation of test results. The
way this item is scored depends on the objective of the
index test. If an aspect of diagnostic imaging is intended to
replace other tests, these clinical data should not be
available. However, if in practice clinical data are usually
available when interpreting the results of the index test, this
information should be available to the assessors of the
index test.
Classify as ‘yes’ if clinical data would normally be
available when the test results are interpreted and similar
data are available in the study.
Classify as ‘no’ if this is not the case, e.g. if other test
results are available that cannot be regarded as part of
routine care.
Classify as ‘unclear’ if the paper does not explain
which clinical information was available at the time of
assessment.
10. Were uninterpretable/intermediate test results
reported?
Uninterpretable or intermediate test results are often not
reported in diagnostic studies. Authors may simply remove
these results from the analysis, which may lead to biased
results of diagnostic performance. If uninterpretable or
intermediate test results occur randomly and are not related
to disease status, bias is unlikely. Whatever the cause of
uninterpretable results they should be reported in order to
estimatetheirpotentialinﬂuenceondiagnosticperformance.
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123Classify as ‘yes’ if all test results are reported for all
patients, including uninterpretable, indeterminate or inter-
mediate results. Also classify as ‘yes’ if the authors do not
report any uninterpretable, indeterminate or intermediate
results AND the results are reported for all patients who
were described as having been entered into the study.
Classify as ‘no’ if you think that such results occurred,
but have not been reported.
Classify as ‘unclear’ if it is unclear whether all results
have been reported.
11. Were withdrawals from the study explained?
Patientsmaywithdrawfromthestudybeforetheresultsof
both index test and reference standard are known. If with-
drawals systematically differ from patients remaining in the
study, then estimates of diagnostic test performance may be
biased.Aﬂowchartissometimesprovided(inmorerecently
published papers) which may help to score this item.
Classify as ‘yes’ if it is clear what happens to all
patients who entered the study (all patients are accounted
for, preferably in a ﬂow chart). Also classify as ‘yes’ if the
authors do not report any withdrawals AND if the results
are available for all patients who were reported to have
been entered in the study.
Classify as ‘no’ if it is clear that not all patients who
were entered completed the study (received both index test
and reference standard), and not all patients are accounted
for.
Classify as ‘unclear’ when the paper does not clearly
describe whether or not all patients completed all tests, and
are included in the analysis.
Note: In many diagnostic studies one may doubt whe-
ther or not all eligible patients have been entered in the
study and are described in the paper. This issue will be
scored under item 1.
Additional QUADAS items
12. If a cut-off value has been used, was it established
before the study was started (pre-speciﬁed cut-off value)?
Classify as ‘yes’ if chosen cut-off values are mentioned
in ‘‘Methods’’ section as chosen at forehand, preferably
with reason for that speciﬁc choice.
Classify as ‘no’ if cut-off values are mentioned in
‘‘Result’’/‘‘Discussion’’ section and they are assumed not to
be chosen at forehand.
Classify as ‘unclear’ if insufﬁcient information is given
on which cut-off values have been used.
13. Is the technology of the index test likely to have
changed since the study was carried out?
Classify as ‘yes’ if the technology of the index test is
not likely to have changed since the study was carried out.
Most recent technology was used.
Classify as ‘no’ if the technology of the index test is
likely to have changed since the study was carried out due
to development over time.
Classify as ‘unclear’ if insufﬁcient information is given
on the technology used for the index test.
14. Did the study provide a clear deﬁnition of what was
considered to be a ‘‘positive’’ result?
The index test can be prone to subjective judgements
with several possible deﬁnitions of what is considered a
positive test result. Furthermore, several methods of per-
forming the computed tomography test have been descri-
bed, and several cut-offs have been proposed.
Consequently, it is essential that an adequate description is
given of the methods that have been used to deﬁne a
positive or negative test result.
Classify as ‘yes’ if the paper provides a clear descrip-
tion of the way the index test is performed, including a
deﬁnition of a positive test result.
Classify as ‘no’ if no description is given of the way the
index test is performed, and no deﬁnition is given of a
positive test result.
Classify as ‘unclear’ if the methods of the index test are
described, but no clear deﬁnition of a positive result has
been provided, or vice versa.
15. Were data on observer variation reported? and
within acceptable range?
Studies on the reproducibility of computed tomography
in LBP patients show that there may be considerable inter-
observer variation. This may strongly inﬂuence the diag-
nostic performance of the index test. It is difﬁcult to give
minimal cut-off scores for inter-observer agreement. A
kappa of 0.70 is often considered to be acceptable, but this
is certainly an arbitrary deﬁnition.
Classify as ‘yes’ if the paper provides information on
inter-observer variation, and the results are acceptable.
Classify as ‘no’ if information is given on inter-obser-
ver variation, and the results demonstrate poor agreement.
Classify as ‘unclear’ if there is insufﬁcient information
is provided regarding inter-observer variation.
16. Were data on instrument variation reported?
This item was interpreted and assessed as reporting of
measurement variation.
Classify as ‘yes’ if the paper provides information on
instrument variation showing no or acceptable measure-
ment variation.
Classify as ‘no’ if information is provided on instru-
ment variation demonstrating variation in measurement.
Classify as ‘unclear’ if the paper provides no infor-
mation to assess instrument variation of the used tests.
17. Were data presented for appropriate patient sub-
groups?
Classify as ‘yes’ if subgroups were considered before-
hand (mentioned already in ‘‘Methods’’ section) and data
of subgroups were adequately presented, or if subgroups
were not considered, and it seems logic from the context
that stratiﬁcation in subgroups was not required.
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assumed not to be chosen beforehand (not mentioned in the
‘‘Methods’’ section). Or if subgroups were not considered,
although it seems logic from the context that stratiﬁcation
in subgroups was required.
Classify as ‘unclear’ if insufﬁcient information was
given for considerations on the use of a possible subgroup
analysis.
18. Was an appropriate sample size included?
Classify as ‘yes’ if a sample size calculation was per-
formed in advance, and the same sample size has been
included, or if not calculated but if the paper provides
information on reasons for a chosen speciﬁc sample size
which seems appropriate.
Classify as ‘no’ if no sample size calculation was per-
formed in advance, or the number of patients calculated
was not included in the study. Or if no other reasons for the
chosen sample size were given.
Classify as ‘unclear’ if insufﬁcient information was
given on considerations of a sample size.
19. Were objectives pre-speciﬁed?
Studies should be designed as primary diagnostic studies
in which the objectives reﬂects assessment of the diag-
nostic accuracy of the index test.
Classify as ‘yes’ if the objectives were mentioned in the
‘‘Introduction’’ section (as pre-speciﬁed), and the data
presented adequately reﬂects these objectives.
Classify as ‘no’ if the objectives were mentioned in the
‘‘Introduction’’ section (as pre-speciﬁed), however, the data
presented did not reﬂect these objectives, i.e. the real
objectives were clariﬁed or adjusted in the ‘‘Result’’/
‘‘Discussion’’ section. Or the objectives were speciﬁed
according to the data or results.
Classify as ‘unclear’ if the paper does not provide
information on the pre-speciﬁcation of the objectives, i.e.
objectives were not stated in the ‘‘Introduction’’ section.
20. Was treatment withheld until both index test and
reference standard were performed?
If index tests and reference standard are not performed
within a short amount of time, some type of treatment or
intervention may be initiated in between index test and
reference standard. This might lead to misclassiﬁcation (if
some recovery of symptoms occurs).
Classify as ‘yes’ if no treatment or intervention is given
in the time period between index test and reference
standard.
Classify as ‘no’ if a treatment or intervention is given
before both index test and reference standard were per-
formed that could possibly inﬂuence the prognosis of LBP
and its outcome on index or reference test.
Classify as ‘unclear’ if there is insufﬁcient information
regarding treatment or intervention performed before the
index and reference test were both performed.
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